Summary Studies on different populations of the Characidae fish Astyanax scabripinnis, a species complex, have shown the occurrence of many levels of cytogenetic polymorphisms, such as in the positioning and amount of constitutive heterochromatins, and in the localization of nucleolar rDNA sites. The present paper describes the wide polymorphisms and the differences in location and quantity of heterochromatins in 2 A. scabripinnis populations, which are isolated from each other by waterfalls along the Canta Galo stream (São Paulo State, Brazil). Samples from both populations presented the same karyotype formulae. The specimens from the population located at 980 m of altitude revealed few variations in heterochromatins and NORs sites. On the other hand, those specimens collected from 720 m showed high variability in positioning and number of C-bands and rDNA loci. Events of transposition between telomeric segments, preferential positioning of the nucleolar rDNA clusters and the presence of GC-rich heterochromatins are also discussed.
Bertollo 1991a, Souza and Moreira-Filho 1995 , Maistro et al. 1998 , Mizoguchi and Martins-Santos 1998 , Mantovani et al. 2000 , Souza et al. 2001 .
Studies in the cytotypes 2nϭ50 of the "scabripinnis species complex", evidenced a narrow co-existence of Ag-NORs and GC-rich heterochromatin regions. Some populations carry a great amount of telomeric heterochromatins associated with high NORs polymorphisms (Moreira-Filho and Bertollo 1991a, Maistro et al. 1998 , Mizoguchi and MartinsSantos 1998 , Mantovani et al. 2000 , Mantovani et al. 2004 . Other populations, with high B macrochromosome frequency, have little blocks of C-bands, and were also characterized for bearing few co-existent NORs cistrons (Salvador and Moreira-Filho 1992 , Maistro et al. 1992 , Souza et al. 1995 , Vicente et al. 1996 , Néo et al. 2000 , Ferro 2000 .
In the present paper a high level of Cbands/CMA ϩ and Ag-NORs polymorphisms are described in A. scabripinnis collected in Canta Galo stream. Some hypothetical models are discussed in the attempt to understanding as much as possible the co-existence of these polymorphic marks in most of the 2nϭ50 cytotypes of A. scabripinnis populations studied.
Materials and methods
Chromosome banding were carried out for 31 specimens of A. scabripinnis collected from 2 levels of altitude (720 m and 980 m) along Canta Galo stream (Tietê basin, Brazil). Mitotic chromosomes were obtained from cells of the anterior kidney, following the methods described by Bertollo et al. (1978) and Moreira-Filho and Bertollo (1991b) . The constitutive heterochromatins were identified using the C-banding technique (Sumner 1972 ) and the NORs were analyzed by the silver nitrate staining method (Howell and Black 1980) . Fluorescent bands were obtained by using the fluorochrome chromomycin A 3 (CMA). Distamycin A (DA), an AT-specific non-fluorescent antibiotic, was used as a counterstain according Schweizer (1976) and Schmid (1980) . Results and discussion C-bands, Ag-NORs and CMA ϩ locations The representative karyotype of these populations is shown in the Fig. 1 , and the karyotype formulae is 4Mϩ30SM/STϩ16A, as previously published (Souza et al. 2001) . Ag-NORs identification was possible for 31 specimens and 28 of them were also examined by C-banding. Eighteen of these specimens were analyzed by CMA fluorochrome, and they were selected in accordance with the most significant C-band and Ag-NORs patterns.
All large heterochromatic portions show a CMA ϩ pattern as previously described from the same sample (Souza et al. 2001) . A high level of polymorphisms was detected to both GC-rich heterochromatin blocks (Figs. 2, 4) and Ag-NORs sites (Fig. 3) . The silver stained rDNA nucleolar clusters were detected in several locations on the karyotype set ( Fig. 3) , and almost always these cistrons were either adjacent or coincident with GC-rich telomeric heterochromatins. Although GCspecific fluorochromes have been widely used to infer NOR location in fish chromosomes, a detailed rDNA-FISH analysis conduced by Souza et al. (2001) indicated that, in this same population, rDNA clusters are not always located on CMA ϩ bands, and some GC-rich bands do not bear rDNA clusters.
The polymorphism of location and amount of heterochromatins and NORs on fishes has been widely described and poorly discussed, perhaps due to the difficulty in obtaining cytogenetic results that satisfy a representative statistic analysis on the population level, or due to the fact that the majority of samples are small, resulting in difficulties to formulate of quantitative conclusions. On the other hand, some of those polymorphisms have been simply denominated as 'variations'. Chromosome polymorphisms of different populations of A. scabripinnis have been mainly related to the telomeric C-bands of acrocentric chromosomes (Moreira-Filho and Bertollo 1991a, Maistro et al. 1998 , Mizoguchi and Martins-Santos 1998 , Mantovani et al. 2000 .
The Fig. 2 shows, in increasing complexity order, the variability of both location and number of the heterochromatin segments. In this picture (a) and (b) represent the minor variability, found in 6 specimens from 980 m altitude, (c) shows the pattern of 10 individuals from 980 m and 1 from 720 m that posses 6 acrocentric chromosomes labeled after C-banding, (d) represents the intermediate content of heterochromatin in 7 acrocentrics C-banded of 2 specimens from 980 m and 5 from 720 m, (e), (f), (g) and (h) show a peculiar variability found on the sample collected at 720 m.
The absence of coincident marks (C-banding, CMA labels or transcriptional rDNA activity) involving the first pair was evidenced on the majority of samples (Fig. 4a) . However, some specimens from the 720 m altitudes showed coincident rDNA ϩ /CMA ϩ /C ϩ bands in the telomeric segment of the short arm at one of the homologues (Fig. 4b) . Two specimens showed a similar mark into one of homologues on telomeric short arm (Fig. 4b, c) that, when silver stained, showed transcriptional activity (Figs. 3e, 4c ). Another individual from the same sample showed a similar telomeric mark on the long arm, but no rDNA transcriptional activity was detected (Fig. 4e) . Two marks, 1 terminal and other subterminal, both without C-banding marks or rDNA transcriptional activity, were detected in the short arm in 1 female (Fig. 4d) . The sporadic CMA ϩ marks on terminal location in the first pair (Fig. 4b-e) of A. scabripinnis populations also were presented in previous articles (Néo 1999 , Ferro et al. 2001 .
A high numeric variability of the Ag-NORs loci were detected (Fig. 3) , from 1 to 6 chromosomes per cell on the sample located at 720 m altitude, and from 1 to 4 on specimens from 980 m altitude. The fact that heterochromatin blocks co-existents with nucleolar rDNA cistrons located predominantly in the telomeric portions suggests, in this case, a non-random dispersion of these stretches (Souza et al. 2001) .
Some authors hypothesized that ribosomal cistrons undergo active transposition followed by tandem amplification (Schubert and Wobus 1985 , Suzuki et al. 1990 , Foote et al. 1991 , Galetti and 2007 Rasch 1993, Galetti et al. 1995 , Reed and Phillips 1995 , Castro et al. 1996 . This transposition event could be facilitated by recombination between preexisting repetitive DNAs into constitutive heterochromatins and/or rDNA nucleolar clusters. Telomeric preexisting repetitive DNAs organized in tandem, as the distribution related to A. scabripinnis populations by Mestriner et al. (2000) and Mantovani et al. (2004) , could facilitate recombination between terminal segments in the same chromosome pair or between telomeric portions from non-homologous chromosomes. If nucleolar rDNA are associated to some of these repetitive sequences, then fractions of these ribosomal clusters (or GC-rich segments) could be taken together from one site to other telomeric portions (Souza et al. 2001) . If these events take place involving terminal portions in the same chromosome, it would result in bi-telomeric marks, for example. Both homology in these segments and physical proximity among telomeric regions could increases the probability of recombination between these sites. Thus, a non-random transposition event between telomeric regions could occur in A. scabipinnis due to possible existence of predetermined chromosomal and interchromosomal territories in the nuclei, according to Cremer and Cremer (2001) , and/or facilitate by bouquet configuration in early prophase I, according John et al. (1985) and Schweizer and Loidl (1987) . Similar explanations for this phenomenon have been given for other organism (Bennett 1982 , Schweizer and Ehrendorfer 1983 , Loidl 1983 , John et al. 1985 , Greilhuber and Ehrendorfer 1988 , Imai 1991 .
The micro-barriers role
In the present study, the 2 sites chosen on the Canta Galo stream (980 m and 720 m) are isolated from each other by waterfall with 100 m altitude and 90°declivity. The topographic discontinuity, such as geographical micro-isolation caused by waterfalls, may have facilitated the maintenance of differences in complexity and on the heterochromatins variability levels found between the A. scabripinnis populations showed on Fig. 2 . Similar events of micro-barrier occurred in others streams as described for Campos do Jordão (Néo et al. 2000) and Botucatu (Porto-Foresti et al. 1997) populations, both in São Paulo State (Brazil). These authors found that the frequency of B chromosomes into the populations is in direct proportion to the altitude. Probably the isolation among different flocks of A. scabripinnis on the same stream, produced by a topographic discontinuity is not complete, that is, gene flow may occur only in one direction, i.e., down stream. Other studies on enzyme polymorphisms also reinforce this hypothesis (Santos 2000 , Munin et al. 2004 .
A comparison between the heterochromatin complexity presented in this manuscript and different frequencies of B macrochromosomes founded by Néo et al. (2000) and Porto-Foresti et al. (1997) can be traced. Both cases occurred in much unleveled streams, discontinuous and with small waterfalls, like flights of a stair. Possibly the gene flow occurs only downstream and the flowing up of this small characid to the headwater is rarely probable. This partial isolation can facilitate the development of different genetic patterns along ecological gradients on the same watercourse, at the cytogenetic and the enzymatic polymorphisms levels (Santos 2000 , Munin et al. 2004 . The transposition events on chromosome telomeric portions, followed by tandem amplification, result in new cytotypes to be selected in the populations, and eventually into flocks located downstream. 
